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ABSTRACT 

The MSFN earth o r b i t a l  coverage requi rement  of t w o  
c o n t a c t s  p e r  r e v o l u t i o n  f o r  t h e  i n i t i a l  three ear th  r e v o l u t i o n s  
of a t  least  f o u r  minutes ,  assuming 5 O  an t enna  masking, can on ly  
be f u l l y  m e t  f o r  launch  azimuths from 7 2 O  t o  8 4 O .  Using real  
an tenna  masking, two c o n t a c t s  of a t  l eas t  f o u r  minutes  on each 
o f  t h e  f i r s t  t w o  r e v o l u t i o n s  and one c o n t a c t  o f  a t  least  f o u r  
minutes  on the t h i r d  r e v o l u t i o n  can  be o b t a i n e d .  
t h e  same i s  t r u e  e x c e p t  f o r  t h r e e  minutes  n o t  f o u r .  

For  5' masking 

The r equ i r emen t  of one c o n t a c t  o f  f o u r  minutes  above 
5' e l e v a t i o n  between 9 0  and 30 minutes  b e f o r e  i n j e c t i o n  cannot  
be m e t  f o r  e v e r y  azimuth i n  the  72' t o  100' range .  Changing t o  
one c o n t a c t  of a t  least  3 minutes  or t o  real  masking would be 
s a t i s f a c t o r y  for  a l l  P a c i f i c  i n j e c t i o n s .  
t h e  t i m e  l i m i t  would have t o  be changed t o  read 95 t o  30 minutes  
o r  90  t o  2 5  minutes  p r i o r  t o  i n j e c t i o n .  

For A t l a n t i c  i n j e c t i o n s  

The prime launch day f o r  t h e  Apol lo  1 5  mis s ion  t o  
Hadley and f o r  t h e  Apollo 1 6  miss ion  t o  Descartes are used fo r  
i 1 l u s  t r a t i o n  . 
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MEMORANDUM FOR FILE 

The c u r r e n t  MSFN coverage requi rements  (Apollo Program 
S p e c i f i c a t i o n ,  Revision B ,  da ted  4/7/70) are as fo l lows :  

1. Three minutes of t r a c k i n g  coverage a f t e r  i n s e r t i o n  
i n t o  e a r t h  o r b i t .  

2.  Two c o n t a c t s  pe r  r e v o l u t i o n  f o r  t h e  i n i t i a l  t h r e e  
e a r t h  r e v o l u t i o n s  of a t  l eas t  f o u r  minutes  assuming 
5' antenna masking. 

3 .  One contact n f  four minutes above 5' e l e v a t i o n  between 
90  and 30 minutes b e f o r e  i n j e c t i o n .  

4 .  P a r t i a l  coverage dur ing  t h e  i n  j e c t i v i i  buzz. 

A s  d i s c u s s e d  i n  t h e  r e f e r e n c e , *  t h e  f i r s t  requi rement  
can be m e t  by proper  p l a c i n g  of  t h e  i n s e r t i o n  s h i p  and t h e  f o u r t h  
requi rement  can be s a t i s f i e d  by u s i n g  t h e  Apollo Range Instrumen- 
t a t i o n  A i r c r a f t .  The second and t h i r d  requirements  w i l l  be  d i s -  
cussed  h e r e  f o r  launch azimuths from 72O t o  100' f o r  a 5' masking 
a n g l e  and f o r  t e r r a i n  masking around each MSFN s t a t i o n  l i s t e d  i n  
Table  I. The 5' masking informat ion  was ob ta ined  from t h e  r e f e r -  
ence  and t h e  t e r r a i n  masking from M r .  W. L. Aus t in  of Department 
1025. An o r b i t a l  a l t i t u d e  of 9 0  nm w a s  used. 

The coverage c o n t a c t s  f o r  t h e  f i r s t  t h r e e  r e v o l u t i o n s  
u s i n g  a c o n s t a n t  5' e l e v a t i o n  masking angle  about  each s t a t i o n  
( p l u s  an tenna  keyhole a f f e c t s )  a r e  shown i n  T a b l e  I1 by launch 
azimuth. Table I11 shows the  same coverage u s i n g  t e r r a i n  masking. 

*"MSFN Coverage From I n s e r t i o n  Through I n j e c t i o n  Burn f o r  
Apollo 15 , "  J. P. Maloy, B e l l c o m m  Memorandum f o r  F i l e ,  B 7 0  12081, 
C a s e  320, December 30, 1970.  
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Figures  1-4 r e p r e s e n t  a g raph ica l  r e p r e s e n t a t i o n  of Tables  I1 
and I11 (1st and 2nd oppor tun i ty  i n j e c t i o n  f o r  5" masking and 
1st and 2nd o p p o r t u n i t y  i n j e c t i o n  f o r  t e r r a i n  masking) .  

Second Reuuirement 

The second requirement ca l l s  f o r  two c o n t a c t s  of  a t  
l eas t  f o u r  minutes f o r  each of t h e  f i r s t  t h r e e  r e v o l u t i o n s .  
Tables  I1 and I11 show t h a t  t h i s  requi rement  is  e a s i l y  m e t  f o r  
t h e  f i r s t  r e v o l u t i o n  u s i n g  5" masking and f o r  bo th  t h e  f i r s t  
and second r e v o l u t i o n s  u s i n g  t e r r a i n  masking. 

For 5" masking t h e  requirement  i s  n o t  f u l f i l l e d  on 
t h e  second r e v o l u t i o n  f o r  launch azimuths of 96"  t o  100" .  For 
each azimuth,  however, t h e r e  a r e  f i v e  c o n t a c t s  w i th  a t  l e a s t  
three exceeding 3 minutes (one exceeds 4 m i n u t e s ) .  On t h e  
t h i r d  r e v o l u t i o n  f o r  5" masking t h e r e  a r e  a t  l e a s t  t w o  4-minute 
c o n t a c t s  f o r  launch azimuths of 72" t o  8 4 O ,  a t  l ea s t  one 4-minute 
and one 3-minute c o n t a c t  on azimuths 86" through 9 6 " ,  and a 
3-minute and a 2-minute contact on azimuths 98" and 1 0 0 " .  

For t e r r a i n  masking the  requi rement  i s  n o t  f u l f i l l e d  
on t h e  t h i r d  r e v o l u t i o n  f o r  launch azimuths of 96"  t o  1 0 0 " .  
For t h e s e  azimuths t h e r e  i s  one c o n t a c t  greater than  5 minutes  
and one g r e a t e r  t han  2 minutes.  

T h i r d  Requirement 

 he t h i r d  requirement for one c o n t a c t  of a t  l eas t  
f o u r  minutes between 90  and 30 minutes  p r i o r  t o  i n j e c t i o n  i s  
i l l u s t r a t e d  i n  F igu re  5. Overlaying F igu re  5 on  F igu res  1 - 4  
g i v e s  t h e  EO1 t o  TLI t i m e s  t h a t  have a t  least  f o u r  minutes of 
coverage between 90  and 30 minutes p r i o r  t o  T L I  f o r  an azimuth 
range  of 72-100" (see Table I V ) .  

So f a r  eve ry th ing  d i scussed  has  been miss ion  independent .  
Table  V l ists  t h e  t r a n s l u n a r  i n j e c t i o n  t i m e s  (measured from i n -  
s e r t i o n )  f o r  t h e  Apollo 15  mission t o  Hadley and a c a n d i d a t e  m i s -  
s i o n  f o r  Apollo 1 6  (Descartes). Comparing Tables  I V  and V shows 
t h a t  t h e  t h i r d  MSFN coverage requirement  is m e t  f o r  a 5"  masking 
a n g l e  on f i r s t  o p p o r t u n i t y  i n j e c t i o n  and f o r  t e r r a i n  masking on 
f i r s t  and second oppor tun i ty  f o r  bo th  Hadley and Descartes. The 
q u e s t i o n  remains a s  to  what launch azimuths m e e t  t h e  t h i r d  r e q u i r e -  
ment f o r  second o p p o r t u n i t y  i n j e c t i o n  us ing  5O masking. F i g u r e s  
6 and 7 ( d e r i v e d  f r o m  F igu res  2 and 5 p l u s  Table V)  show t h a t  t h e  
mis s ions  t o  Hadley and Descar tes  m e e t  t h e  t h i r d  requirement  f o r  
launch azimuths of 72' t o  95O. Descartes also meets t h e  t h i r d  
requi rement  f o r  a 100' launch azimuth. 
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Summary 

The second requi rement ,  two c o n t a c t s  of a t  l e a s t  f o u r  
minutes  above 5" e l e v a t i o n  for t h e  f i r s t  t h r e e  r e v o l u t i o n s ,  can 
on ly  be f u l l y  m e t  f o r  launch azimuths of 72"  t o  8 4 O .  The r e q u i r e -  
ment of  t w o  c o n t a c t s  o n  t h e  t h i r d  r e v o l u t i o n  i s  f o r  t h e  case w h e r e  
i n j e c t i o n  w a s  n o t  p o s s i b l e  a t  t h e  second o p p o r t u n i t y .  A modi f ied  
requi rement  o f  two c o n t a c t s  of a t  l ea s t  f o u r  minutes  on t h e  f i r s t  
two r e v o l u t i o n s  and one c o n t a c t  o f  a t  l eas t  f o u r  minutes  on  t h e  
t h i r d  r e v o l u t i o n  could  be m e t  f o r  a l l  azimuths u s i n g  t e r r a i n  
masking. A l t e r n a t e l y ,  a requi rement  o f  t w o  c o n t a c t s  o f  a t  l e a s t  
t h r e e  minutes  on t h e  f i r s t  two r e v o l u t i o n s  and one c o n t a c t  of at 
l e a s t  t h r e e  minutes  on t h e  t h i r d  r e v o l u t i o n  can be m e t  f o r  a l l  
az imuths  u s i n g  5" masking o r  t e r r a i n  masking. 

The t h i r d  requi rement ,  one c o n t a c t  of a t  l e a s t  f o u r  
minutes  above 5' e l e v a t i o n  between 9 0  and 3 0  minutes  p r i o r  t o  
i n j e c t i o n ,  canno t  be m e t  f o r  second o p p o r t u n i t y  f o r  a l aunch  
azimuth range  o f  7 2 O  t o  100". 
t e r r a i n  masking i n s t e a d  of 5' masking would mean t h a t  t h e r e  would 
be no problem s a t i s f y i n g  t h e  requi rement  f o r  most mi s s ions .  
s a m e  r e s u l t s  could  be achieved by changing t h e  r equ i r emen t  t o  
r e a d  one contact  of a t  l e a s t  t h r e e  minutes .  The  m i s s i o n s  s t i l l  
n o t  meet ing the requi rement  would be second o p p o r t u n i t y  A t l a n t i c  
i n j e c t i o n  mis s ions  ( f o r  an example see F igure  8 ) .  For t h i s  t y p e  
of mis s ion  t h e  p r e - i n j e c t i o n  checkout  would have t o  o c c u r  9 5  t o  
30 minutes  o r  9 0  t o  2 5  minutes p r i o r  t o  i n j e c t i o n .  

Changing t h e  requi rement  t o  r e a d  

The 

20  13-SCW- j a b  

Attachments  

S.  C. Wynn 



TABLE I 

NETWORK 

1. 

2. 

3. 

4. 

5. 

6 .  

7 .  

8. 

9. 

10. 

STATION 

CANARY IS .  

ASCENSION 

CARNARVON 

GUAM 

HONEYSUCKLE 

HAWAII 

GOLDSTONE 

TEXAS 

M I L A  

BDA 

SYMBOL LATITUDE 

CY1 

ACN 

CRO 

GWM 

HSK 

HAW 

GDS 

TEX 

MLA 

B DA 

27.7644N 

7 . 9 5 4 7 s  

2 4 . 9 0 6 6 s  

13.3106N 

3 5 . 5 8 3 7 s  

22.1264N 

35.3417N 

27.6539N 

2 8 .50  8 3 N  

32.3506N 

LONGITUDE 

15.6347W 

14.3272W 

1 1 3 . 7 2 5 5 E  

1 4 4 . 7 3 6 9 E  

1 4 8 . 9 7 8 3 3  

1 5 9 . 6 6 5 6 3  

116.8733W 

97.3783W 

80.6934W 

64.6581W 
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